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SSME FMEASCIL
REDUNDANCY SCREEN

Compaonanl Group: Ignkars and Senscrs Propared; N. D Iwar
CiL (lem: J272.01 Approvad; T. Nguyan
Y Componenl: PLGO Precharge Frasaure Transducer [D35.3) Approvel Data:  3amaneom
Pert Number: RE2213/RESTIM Change #; 1
Fallure Mode: Mo Gutput orarranacts ouiput sigral, Directive g CCED ME1-04-4304
Faga: 1or 1
Crifcalay
Phase Fature [ Effact Deseription Hazard Raksren:s
= Erianeaus actpul sigrals Iram beth qualied exnsoms br e making quakified sansorwlhin nocn o limits results n (oss of &nging stan inkiil 1R
4.2 prodeclion  Loss of vehicle during start doe to HPG TP Raiture may et il pogo precharge fow B not larminated and falfore s no gaiactag, MIECHE
Redundancy Screena. SENSOR SYSTEM: LIKE REDUNDANG Y
A. Pass - Redundant hardwarg items am capabie of cheskaul during normal ground wenaround.
B: Fai! - Lass of a radundanl hardware items ks nol delecl able durbng fMaghl,
< Fall - Luss of redundant hardware lleme eould rasult fram a single credibls &venl,
- Ermomaaurs sulput signaks from baih qualified sansone o remaining qualified sansor within ilow chadk Bmits results | loga of MCF 17
4.4 protection. Loss of vehdela dus lo pogo may result If poga accamulator GO Tow is not astablished and fallura ki pot detaciad, MELSIS M
Redundanzy Scresma: SEMSOR SYSTEM - ENGINE SYSTER: UHLME REDUNOAMCY
A: Mags - Redundan hargwire Hewns are capable of gheckomt during narmel ground luthamond.
B Fail -Lase of m redundsnt hardwarg ihems b rot detectabia during Aight.
C: Pazs - Losg of redunlzal hardware itars could nol razul from 2 sing's credible fvem
o Emenecus owtpul sigral from ana o bolh guatified senaom withl manitar Fmils resuls In les of EW50 manitedng, Lose of vahicla dus Lo iR
42 ol [2ar pumyp [ailure mery recnll if pooo patt eharga hekum fow (s net aceormplished and flura Is nat detected, ME-C18.C,
ME-SI0C.D

Redundanzy Sereens. SEMSOR SYSTEM: LIKE REDUNTANCGY )

A Pags - Redundant hardware Bems arz capable of checkout during nommal graund lumznou ng
B: Fail - Losa of & redundant hardware items is nat deteclabla during fight.
C: Fall - Lows of redundant herchware dtams could readlt from a single cradibte avent.
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DESIGN
G o pone it Grow: Igmiters amd Sanears Fraparad: M., OHywr
CIL hem: Jegs01 Apptawed: T. Nguyen
Companant: POGT Precharge Presaura Transducar {0024.2) Approval Dada: J)30ms
Part Numbar: REZRINRESTON Chanpga 3: 1
Fallira Made: Mo eutput or errenecra autpot s gnal, ' Direcitva ¥ CCED ME3.01 4584

Pogr: 1of 2

Desipn/ Darurment Referencs

FAFLURE CAUSE: A:Broken or shared eancuckors,

FI.FCTROMIC, ELECTRICAL, AMD ELECTROMECHAMNICAL PARTS FOR THE GIRCUITS INVOLVED (N THHS FUNCTION HAVE BEEN SELECTED FROM THE CLAES £ DR EQUMALEMT
APPROVED PARTS SELECTION (1) STRAIN GALGE GPERATION IS YTHIM ITS ELASTIC FAMGE, BELOW THE MATERIAL YIELD POIMT, SUPPORT FOR THE STRAIN GaALUGES IS5
FROVIDED BY ADHESIVE ARD FILMUSED 1N CONSTRLGTION AND ATTACHMENT OF THE STRAIN GAUGES (7], INTERCOMNE CTING WIRES FROM DIAPHRAGH TO TERMIMAL HEADER
ARE SECURED BY POTTING STRIPS 1O PREVENT MOVEMENT AMD WIRE FATIGUE. THE ADHESIVE AMD FILI PROVIDE INSULATION FOF. STRARN GALNES. LEACIWIRES ARE
INSULATED TO PREVENT SHORTING. PROCESSES USED FOR SOLEERING OF ELECTRICAL CONMECTIONS AND TERMIMAL COMNMECTIONS ARE CONTROLLED BY SFECIFICATION 131.
UFPERWIRIMNG POTTING PREVENTS WIRE MOVEMEKMT AND SUBSECQILENT WIRE EAILURE [

(1} ASMCI028] (2) RCTO04: £3) RE1D00S, RL10007, MAFC-SPEC.278: {4) AL1GCOA
FAILURE CAUSE:  : Sanzor inlal plagged.,

CRBITER $VSTEMDESIGN INCORPORATES A FILTER M THE OXYGEN AND FUEL FEED SYSTEM ELIMINATING PROPELLANMT COMTAMINATION SOURCES {1}, THE HELIJM SU8SYSTER
HAS A FILTER IM THE PCA FREVENTING CONTAMINATION EMTERINGE THE EYETEM OURING PURGES {2). INLET PORT PASSAGE 5I7€ FROVIDES CONMTARMIMATION FROTECTION [3).
KAINOR FLOW [M THE SENSOR INLET DUE TGO CLOSED CAVITY DES1GN REGUCES FOTENTLAL FOR PARTICLE CONTAMIMATION, PARTIAL BLOGKAGE OF THE INLET WILL HOT
DEGRADE SENSOR FUNCTION. COMPLETE BLOCKAGE FORMING A FRESEURE VEASEL 1S RECURRED TO ALTER SEMSOR FUNGTION.

(11 1C0 tA15000; (2] ROD1 45D {3) RCTPA0
FAILURE CAUSE: E: Fraciurad sensor dlaphrapgm.

THE DIAPHRASM % MAMUFACTURED FROM A-285. A-208 EXHIRITS RESISTANCE TD CORRCGICN, AN RESISTANT TO HYDROGEN ENVIRONMENT EMERITTLEMENT (1). DESIGH
GRITERW FOR BLUEET ANG PROOF PRESSHAE RFOUIREMENTE ARE [DENTICAL M QOTH DESIGNS (2}. THE MINIMUM FACTORS OF SAFETY MEET CEI REQUIREMENTS {3y THE
DIAPHRAGK MEETS HIGH CYCLE AND LOWY CYCLE FATICUE LIFE CEI REQUIRENENTS [43.

{1y REE-05607, {2) RCTONT,; (¥ RSS-0546, TPI2OROO0AA, (4] RLISYZ. CPIZ0RI00SE
FAILURE CaUSE:  F: Vacuum rafarance cayity damagerd causing lozs of vaouum,

THE QUTER LASE 15 MARLPAGTURED FROM CORROSION RESISTANT 304L CRES. THE OUTER CASE, COMNECTOR ASSEMBLY, AND BASE ASSEMBLY ARE VELDED TOGETHER 10
FORM THE VACUUM REFERENGCE GAVITY. THE CAVITY IS HERMETICALLY SEALED PER DESIGN REGUIREMENT {1} SHOULD VACLIUM PE LOST, THE £HANGE OF THE SENSCR
ACCURACY COMPARED TD THE OPERATING PRESSURE RANGE IS MEIMAL

1] RGT0M
FAILURE CAUSE: G: Braken ping,

COMNECTOR SELECTION OF THE ASSEMBLIES IS CONTROLLED BY ROCKETDYNE SPEGIFICATION REQUIREMENTS (1) THE CONNECTOR DESIGH INCORPOARSTES FEATURES SUCH
A ALEBER SEALS, CORROSION RESISTANT PING, LDCKING CONNECTORS, AND CONTROLLED ELECTRICAL CONNECTIONS TO PREVERT MALFUNCTION. THE CONNECTORS ARE IN
ACCORDANCE YATH STANDARDS MOR USE ON ROCKET PROPELLED VEHIGLES (2). THE PINS ARE NICKEL UNDERFLATED AND GOLD OVERPLATED TOPREVENT CORROSKIN AND
MINIMIZE CONTACT RESISTANCE, THE PLATING IS CONTROLLED PER SPECIFICATION (2). THE CONNECTORS HAVE COMPLETED HARNESS DVS TESTING AND SENSOR DVE
TESTING (3).

(1} RCTOOY; (2) RO 257 (3] DVS-55ME-202, DVE-SSME-203
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Gamponenl Growp: Ignitars snd Senaors Preparsd: M. Q#Hvor

CAL Mem: J2rr- Appravad: T. Nguyan

Component: FIMIEY Presharge Prazsure Transducer (026.2) Approvval Daty; Ao

Parl Humbar: REZZINREETOM Chanpa #: 4

Falture Mode: No autpet or arranasus oulput slgnal, ' Directive B CCBD MEI09.4504
Fage: 2of 2

Design / Desument Referance

FAILURE GAUSE: H:Change of internal reslslance £aunad by maoslture, corroslan, or cotlamingtion.

SEM3SCNRS ARE HERMETICALLY SEALED TQ PROTECT FROM BONTAMINATION, ABACK FILL OF THE SENSOR CAVITY 15 DOME TO MCORPORATE AN INERT PURGE, PREVENTING
CORRQSIGN OR CONDEMSATION IN THE SENSDR. LEAK RATE FEQLIREMENTS ARE CONTROLLED PER SPECIFICATICH TQ FREVENT iINDUCTAMCE OF FOREIGM SU BETANCES AND
FREVENT LOSE OF THE INERT GAS PACKFILL. INTERMAL POTTING, PASSIATION, VARNISHING AND COATING WITH ADHEEIVE PROTECTS FROM INTERMAL CORROSION (1),

1) RC7OC 1
FAILURE CAUSE:  ALL CAUSES f

SENSOR SYSTEM CESIGN FROVIDES REDUNDANCY TO THE ELER TRICAL COMPOMENTE TO PRECLUDE ALL SIHGLE POINT FAILURES OF THE CONTROL FUNCTIONS A IDENTICAL
DESIGN SENSOR IS USED AT THE FUEL PREBURNER Pe PORT WHERE THE ENVIRONKENT IS MORE EXTREME, THE SENSORE ARE AVENDOR ITEM, GRAVITNG SPECFICATIONS
AN MANUFACTURIMG PRUCESSES ARE CONTROLLED BY ROCKETDYNE {1} ALL SENSOR DESIGNS ARE BURJIECTED TO A CRITICAL DESIGN REVIEW, ANY DEEICH CHANGES ARE
RE-REVIEWED [{). THE SENSORS HAVE COMPLETED DESIGN VERIFICATION TESTING (2), INCLUDRNG VIPRATION TESTING {3). THE WiNIMUM FACTORS 0F SAFETY MEET CE
REQIUIREMENTS {4}, THE SENSORS WERE AMALYZED EOR HIGH CYCLE FATIGUE AND LOVY CYCLE FATIGUE LIFE AND MEET CE! REOUIREMENTS (5). TABLE 4222 LI5TS ALL THE
FMEACIL WELDS AND HDENT IFIES THOSE WELDS IN YWHIGH THE CRITICAL IMITIAL FLAYY SI7E |5 NOT LVETECTABLE, AND THOSE WELDS IN WHICH THE ROOT SIDE IS NOT
RCCEESIBLE FOR INSPECTION, THESE WELDS HAVE BEEN ABBEISED AS ACCEPTABLE FOR FLIGHT BY RISK ASSESSMEMNT (5). SEMEORE FROM ENGINE 2010 WERE RE-
SURBJECTED TO ACCEPTANCE TESTING, ALL SENSDRS MET ACCEPTANCE CRITERIAWITH THE EXCEPTION OF ORE WHICH EXHIBITED A MINCR ZERC SHIFT.

(N ACT00% (2) DV5-35ME-203, RSS.6660. (3) RSS-201-13, RSS5.203.14; {4) RSS-8548, CPI20A00IE; (8) RLOGS32, CR320R0002B; (8] RSS-H756
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INSPECTION AND TEST
Compedonl Graup: {gnitars and Bensore Praparad: M. Ddver
GIL Ikem; J2Il-M Approvad: T. Nguyen
Compononl: POOO Precharpa Pressure Tranaducer (026,21 Approval Date: arzaiag
Fart Number: RE2113RESTOM Chenge ¥ 1
Failure Mode: Ho outpul ar emoneous ouipul skgnal. Dircctive & CCBL MEA-01.9954
Page: 1of 2
Failura Causes Significant Charazberistica Inspechenis) f Taatle) Datument Relerenca
B, SINGLE PICKUP, DL REZ231 i REEFO01
OUTFUT, PRESSLIRE ’
TRANSDUCER
INTEGREITY OF iINTERMAI PROCESSES LUSED IM THE TRANSDUCER MARUFACTURE AND ASSEMBLY ARE YERIFIED FER
ELECTROMNICS SPEGIFIGATICON AND INGLUDE: - RL{0COS
COMPONENTSE - SOLDERING OF ELECTRICAL COMHESTIDNS AL1GGD07
- ATTACHMENT 70 TERMINALS. LR [alii]
- EHCAPSULATICN OF COMPONENTS,
e FRES3SURE TRANSDUCER REZ253 1 RESPOLT
EXTERMAL CIEANLINESS TRANSDUCERS ARE VERIFIED CLEANMED PER SPECIFICATION REGUIREMENTS RE7
e T PRESSURE TRANSOUECER RE2253 ¢ RESTO01

DIAPHRAGM {MTEGRITY TRANSDUCER DIAPHRAGH IS FROOF FRESSURE TESTED PER SPECIFICATION REQLUIREIMENTS, RCroai

E PRESSURE TRANSDUCER

REI233 1 REST00
REFERENCE CAVITY TRANSDUCERS ARE PROUF PRESSURE TESTED PER SPECIFICATION REQUIREMENTS. RCTOO1
INTEGRITY
REFERENCE CAVITY 15 LEAK GHEGKED TOD YERIFY SEAL PER SPECIFIGATION REQUIREMENTS,
G PRESSURE TRANSDUCER RE2253 | RESTO0T
£OMNMEG TOR RECEPTAGLE RES1231
COMMECTOR INTEGRITY  THE PLATRVG ON THE CONNECTOR PINS I3 INSPECTED PER SPECIFICATION REQUIRENENTS. RG1231
THE FOLLOVARG TESTS ARE PERFURMED DURING MANUFAGTURING AND SENSOR ACCEFTANCE:
- INSUI ATION RESISTANCE BETWEEN PINS AND THE CASE IS VERIFIED T BE WITHIN RCTO0
SPECIFICATION, RC7EDA
- IELECTRIC VOLTAGE TESTS MEASURE THE CURRENT LEAKAGE BETWEEN PINS AND GASE AND  RG7001
VERIFY THEM TO BE WITHIN SPECIFICATION.
- TRANSDUCER BRIDGE RESISTANEE (8 VERIFIED TO BE WITHIN SPECI FIGATION.
o FRESSURE TRANSOUCER RE223% 1 RESTO0!

"
HFRMFETN: SEAL INTEGRITY CLEAMLIMESS REQUIREMENTS ARE VERIFIED FER SPECIFICATION DURING MANUFACTURING OF RGOM
THE TRANSIRICERS.

AFTER THE CASE IS WELDED, HELIUM LEAK TESTS ARE PERFDRMED TO VERIFY HERMETIC SEAL

ALL CAUSES FRESSURE TRAMIDLUCER - REZ2213 / RESTHOT
ABSENELY INTEGRITY ALL VEMDOR IMSPECTION AND TEST CRITERIA 15 UNDER ROCKETOYNE APPROVAL ANE CONTROL. RG7OMM
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Comprawent Group: lgriters and Sensars

Prepered: M. Qliver
CIL Hom: JE22-101 Approvad: T. Nguyan
Companant: POGO Prachargs Preasure Transducer 1226.2) Approval Date: J1vEI
Part Humber: REZI33RESTI1 Change 4 1
Fallurs Mode: Ma outpal ar errana cus cutput sHgral. Dirgcwe g: CCBD ME.B1-4584
) Papn: 2of 2
Failura Ca aes Sl nicant Charactarizlics Inapecdionis) ¢ Tes s} Deeumam Rafarance
ALL CALUSES ASSEMELY [MTEGRITY TRANSMICERS ARE SUBIEGTED To) A& WOR KMAMSHIP SCREENING ACCEFTANCE TEST INCLUCING RO TL0
VIBRATION, THERRAL CYEUNG, AND FUNGTIONAL TESTS.
HOT FIRE ACCEFTANCE SENSOR OPERATION 15 YERIFIED THROUGH HOT FIRE ACCEPTANCE TESTING. . RLOC4EY
TESTING [GREEM UM
DaTA REWVEWS ALE CONTROLLER DATA FROM THE PREVIDUS FLIGHT OR HOT FIRE IS PEVEWER. ANY MEFG PLH 1228
ANOMALCLS CONCITION NOTED RECUIRES FURTHER TESTING OR HARDWARE AEPLACEMENT
PRIJR TO THE MEXT FLIGHT.
PRE-FLIGHT CHECKOUT SENSCRS ARE VISLHALLY INSPECTED, . OMRESD 418D 00
SENSOR QPERATION |3 YERIFIED EVERY MISSION FLOWY BY SUCCESEFUL COMPLETMIN OF THE CMRSD V1AD0MMG
CONTROLLER SENSOR ELECTRICAL CHECKOUT. (LAST TEST) . CUMRSD S00FAD. 243

Failure Hislory: Corpreharsive fablurs hslary data ks mamtaleed in 1he Problem Reporting dalabase (PRAMS/FRATA)
Relerence: MASA lsller SA2 148908 and Aocketdyne laiter AERGOITET.
Qperaonal Lsa: Mot Appleabis,
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Camponent Group:
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FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

lgnitars and Sensors

Freparad: ML Qlvar
ftern Hame; FPOGO Precharge Pressura Transduger {Cds.5) Approvad: T. Hginan
[tem Number; Jzaz Approvgl Dats; I3
Part Humber: REIZIAMRES TN Change 4: a2
Oiracilve & CCEDMEY.Of4o0a
Page: 1af1
Base Lina Ratia~pia Wanance Change Ralipnate Witriant Dash Number
JEE2 - These waids have been Vifelds wele assessed as accepian's Maw design eliminates gne weld and |-cieases gea-gl| Lomnanenl strerglh RES700-207 227
assessed and deforrined o hava for Bight by gk assesgeent (RS, IJSE a3 [5 RATIONALE: REZZS4.057

Imp-avad ulimalz and vieid aTss)

Welded sssemblies meel a’l CEl requiremenis (RES-HI5E),

sirroths, endufanca limils and
Iracisra wughness aver those welds
IRsied in the vald assessmer] {WRS-

%50,

222 - Menw da s'gn Improves
praducib. by, inzpe clabiily and
reliabilly of the ransducer. Mewr

condaminallion.
USE AS IS ratianaie:

LI pressuE referenca peint,

Anintarnal vacctm edne is eeed for New design etiminales inlarnal vaceirm cags end mdutes podenlial for cenductive

deelyn reduces tha rlsk of the
‘alrc2ustion of canduslive
coatarm: nallan,

Functionalily of revo presswie wherance |5 malntaired.

RES?IMM-217, 217
REZXIT-0
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SSME ~ ZAJCIL
¢ WELD JOINTS
1
Companent Qroup:  Ignltare and Sensora Prdparad: M. Olisar
£ bar: J2a2 Appraved; T. Nguyen T
Componeni: PO Precharge Prageure Transducer [925.2 Approval Date: Y209
Parl Number; REZZINRES?ODT . Change #: 1
' Directhve #: CCED MEI-11-4994
Page: 1o0f1
Critical In{ial
Rood  Flaw Size Hol
Side Ngt  Dalnztabla

Campareat Basziz Pan Numbet Wekd Mumber Veld Typn  Class Aecesse HOF LG CAMmments
FRESSURE TRANSDIZER REJ2ILHESTO0
FRESSLURE YRANSDUCER MRTA00 oA EBW It x X x
PHESSURE TRAWSDUCZER. JLDA SR co-2 "EEW I X X x
FRESSURE TRAWSDUCER JueATann CGC-5 EBVY ] x



